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Abstract 

Background and Aim; As a pleiotropic protein, transforming growth factor (TGF)-p! induces its 
effects by binding to its Ser/Thr kinase receptor type II and then recruiting and activating receptor type 
I; which is phosphorylated and activates Smads that transduce the signal to the nucleus. 
Methuda: 1 i ii i i iT 1 i J n i I , dom- 

inant-negative receptor-II (ACyTbRII)-cDNA lacking Ser/Thr kinase inrracytoplasmic domain activity, 
Thus, Cos- 1 and hepatic stellate cells were cotransfected with pCMV5-ACyTbRII and pAd Track-green 

Results: Fluorescence microscopy demonstrated an average 10% transfection efficiency. Radiolabeled 
'"I-TGF-p was bound mostly by eel; membrane-expressed truncated receptor-II rather" than wild-type 
rccepli i \, i Jl ( i * t ] ' i i i , | 1 t i_ n f -> t t ] , 

sequences rendering a three-fold decrease in DNA-binding activity, reflecting a down-activation in Smad 
complexes in pCMV5-ACyTbRII-transfected cells, but not in mock-transfected cells. The identity of 
l >' -< »' .,vi ni ticuis ^unl.raua a inc irrelevant double-stranded oligonucleotides and spe- 
cie antibodies t mpete tor DMA binding. Also, collagen I mRNA expression showed a five-fold 
' "2 ':' ' * 1 - r '•' ' re ^ 5 5 ted at the protein level as a diminished collagen type I production in pCMV5- 
i r.kll-transfccttd Cos-1 cells as measured by pHjproline incorporation and sodium dodccyl 

( ui Littst iii l.i, t lis < ,<r [ t t j ^ j i i _ !te or prevent exacerbated synthesis and 
- ■> i n a.'iii , ;:vt.-n librotie nr i_ess 

J H 1 F, iwli P p ishmo Am., Pn Ltd 

Key win a i r r r , j a i 

INTRODUCTION have been linked to numerous disease states, includi 



METHODS 



t;:-e ,r.:-:;-rlv- a-npirx ^ Trr ,eliye form otTGF-jj IS a 25- 

ssgnal psrhwr.y v. hen k bound to its receptor, Trans- 
form tr „r t i ji i i Drescnt 

LI th t" 1 i II " Hi. mi m i , 1 ,i 

of TGF-p. Three diherent receptors to TGF-p- have 
been i . K ii It., e ii i 1:1 



pCMVS-A 



■pRIJ 



■r n 



: tar 



. Th 



othe 



:d by TRII, which 
to downstream sub- 
;ytoplasmic domain 
that functions like a 



aliows TRI to propagate tl 
strates." Receptor II has 

switch to propagate the si; 

Elegant studies with cloned Ttii-p and l'KI have 
confirmed the inability to bind iigand in the absence of 
TRII. 10 '' ' Additional studies have shown that truncated 
TRII that is lacking the cytoplasmic domain still 
binds TGF-fJ, recruits TRI, and form a complex. How- 
ever, TGF-p 1 binding to TRI facilitated by this truncated 
TRII fails to inhibit epithelial cell proliferation and 
:r effects ofTGF-fi Activated TRI by TRII is able to 
sduce the signal to 
are transcriptional 



e proteins in eyroplas 
nuclei. Such proteins* called Sn: 
activators ofTGF-P response. 

Nine different Smads have 
Smad-2 and -3 are c-termiriai 
activated by TGF-p 1 receptors, 



rted, and 
la ted and 
save been 
iuah their 



:dy bind DMA and induce transcriptional 
e or in collaboration with other transcrip- 
actors.''* Optimal DMA sequence polymerase 
chain reaction (PCR)-based techniques have led to the 
definition of the Smad-3 and -4 consensus sequence. 
This consensus 'Smsd-bindmg element' is GTCTA 



with a scqu <it (Pron i i j X ' ! . U S A 

«' ' . J • 1 ' . (. h* ,1 ,,,1 l -,1 p 

codon and a BamHI site after nt 597 in the eDKA of 
TRII to rt,' < ' n i I i ^ t* iu 1 11 

into pCMV5. :1 



Cell culture 



Hepatic stellate 
authors* previou 
25th. Thus, sub 



CO,: 



O, 



ghuaminc (compk 
from the American 
VA, USA) and kep 
dhinns un:;i used. 



Type Tissue Collection (Manassas, 
under appropriate cell culture con- 



Traiisil'ection and reporter gene assay 

Subcultured HSC and Cos-1 ceils were trai 
cotransfected with indicated construct and i 
control p.AdTrack-green fluorescent protein 
using Upofectaminc 



the 



fluot 



Olympus SZX12 mi,.- O.vmpu, Ke.n j.tpan 

to validate GFP emission and thereby quantitative 
transt'ecriort efricieney. For some eel; transi'ection exper- 
iments, mock constructs were used. 



c DMA 



nd t: 



•ct target genes, -ike GOUa2, 
CO I -• i < > H o < '/ i ' : r / J / met PA1-1 have 
been e i '. i V - -t f r ti ■. 

used TGF-p-truncatcd receptor-II cDXA as j trar. s - 

e v 1 I <pl 

IXjI . i-t 



Receptor affin: 



TGF-3! 
ed, HSC 
i control 



382 



It < t ji 



Reverse transeription-poiymerase chain 
reaction for procollagen-?*! mRN'A levels 
and cognate protein synthesis 

t . i c i ]. io Chom- 

crwriski arid Sacchiw Ac '18 h post-transfection with, 
control pAdTrach am U i 1 •> 

Cos-1 wells A,r; ,wi,hcd i vi.c >Mth PBS and left over- 
night in serum-free D.VfEM. Serum-starved subcon- 
Jhieni cell cultures were l:v,r.\.\( ,v;rh recomhir.antTGF-- 
(31 (5 ng/mL) in scrum-free medium for wn additional 
20 h. then wJiui twice wj.h P3S in J recollected with 
Trizoi (Gibco). The aqueous phase containing RNA 
wa M ino-ir i' d uc, ip n .■ 1 i n-.an.ght.The 
quantity and nit i 1 N i i t 

d< i ri i ; i l me he i i h i 

bromide fluorescence < t R\ \ dut .pn e->ed m 1% 



: FLN1A 



;DNA 



instructions, and (he eDNA v. ;w amplified tr-am; FOR. 
The upstream primer was 5 '- C AAG A ATG GCG AC 
CGTGG fGA-lC whiia iiia.iiiipciy.,.". to nucleotides 
393-373 vnile e iowrmream primer was 5'-GGT 
GTG AC TO GTG C AGC CAT C- 3 '; by using these 
primers a PGR product of 1074 bp was obtained." 
The assay to estimate collagen I production was 
t 48 h post transfection of the cells. Hepatic 



acid 



;-l < 



growth factor-pT (5 ng/mL) was added for 20 h in cul- 
ture, and its effect on collagen synthesis was determined 
by using ('Fijproiinc (42 G.i.mmol] for the last 4h of 
culture. Thus, cells were incubated in 35-mm dishes 
with I mLof DMEM ».Mth 15 id 4 f'Hjproline (Sigma. 
St Louis, MO, USA) supplemented with fresh ascor- 
bate (50 ug/mL) and b-aminopropionitrile (80 ug/mL). 
The medium was harvesied mm a solution com.ai-ma 



fPMSFJ: 



Vik'i 



nicotic add ["iiUTA;, fmd 
i , i ipi 1 
u S i ii .it phi 
1 1 •! ( ' in, ag 10'K, eiyct 

. SDS Seven niSDS PAGI 



3 )■:.-, 



•ied >■ 



■ dra 



. ,ppm 



. e:, u n i 1 nl ., . i - i A in i M 1 11 - 

KOH pH 7.9, 1.5 mM MgCWOmM KCk 0.5 mM 
DTT, and - l 1 . ''SI i d i ' t s d . r kc 
for 10 irjin.Thert vortexing was applied, rite pellets were 
spun in a microfuge> the .supernatant* were discarded, 
and the p< i cm" t J 

buffer C (20 mM HEPES-KOH pH 7.'*, 25" tUcro., 
420 niM NaCl, 1.5 mM MgCk 0.2 F0DTA, 0.5 mM 
DO ak'M.-r ii i r i t nm 



at 1 0 



,. to: 



: 4°C. 



The supernatants (containing DNA-binding protei 

tmns were determined mane the Bradford method, 
Nuclear extracts were stored at -7<TC. 

Sequence-specific double- sin nded oligonucleotides 
were end-labeled with f u 'P]dATP using T!-ianase. 
Binding reactions cons amine id us of nuclear extracts 
and 30 000 c.p.m. oflabeled oligonucleotide*, were car- 
ried out for 20 min at 37' C in 40 uL of binding buffer. 
Protein-DNA complexes were resolved in 0% polvacrv- 
iamide ads containing nv livll.mtd-niA . FIT 
The sequence of the double-stranded oligonucleotides 
used as a probe was: 5-TCG AGA GCC AGA CAA 
AAA GCC AGA CAT TTA GCC AGA CAC-3' V- 
GTG TCT GGC TAA ATG TCT GGC TIT TTG 
TCT GGC TCT CGA-5'. i5 



Transfection efficiency 

In order to standardize and quantitatively determine the 
ratio of transfected cells between different experiments, 
HSC and Cos- 1 cells were routinely cotransfectcd with 
plasmid containing the cDNA of a dominant-negative 
TGF-jiTRII pCMV5-ACyTpRII and a control plasrnid 
carrying pAdTraek-GFP. Figure 3 a is a representative 



of the 



CtH 



cicncy, as is comparatively seen in 
Figure la (Ocr.. lai ndv m^rfsc.y\ st. .>\ , toe 
actual cell number in ii given microscopy held, while 
Figure la i' Ii'I.-k i-i t I P civ i i L , 
in trie same held. Although there were some minor dif- 



s hero 



a the 



typical morphologic; 



Overexpressic 

Nuclear extract preparation and receptor type 

iecti sph o hit iss, i s 



Collascii I inhibition by Jominituj-fi/ganvc nxcpior 



i83 





Figure 1 (a) Expression of green fluorescent protein (GFP) in hepatic stellate cells tHSC) eotrunsiecied with 
iQi ibKII and pAJTrack-Gr P validate the irjr:>.lecf,on eii:c:ei:cy e,-ar;e. bpolc-.. ?.im:i!e. :?.:) Ccli number ana inor- 
jilt <. v. il uJum U.i h k j i i i Gl 1 r i i i i j I t i i i 

stereoscopic micros! .npe. Thinsfectioii ea'i.iCa.aK \ in HSC nas -imii.ir thai in Ce>, ; .vib '- Abmuv aabehna ciptractits ve:re 
C it hi j i i r 1 II I h i ( i J C 

1 \ I i H 1 1 i 1 t i i L h l I P i a 1 - t i 4 J i nt r t 

ame receptor ir-lranslVcted cell-, were affinity labeled usine -aa;;:e:vr.ai aicubanon in ire ill media wish i 5o pM :: i-TGK-b.l and 
10 mg/raL dlituccinilmydO-Subersite. t\l lysares icere subjected • << i en n -1> Jl ' i auliate pu \,Kt\ ,ri t i «ul i u ' ,+.>n n 
and autoradiography. Lane 1, non-transfected control ceils, lane 2, mock-iramfectcd ceils, lane 3, pCMV5-ACytTbRII- 



truneated r 
This piece 



timateiv fwe-fold as measured by Kodak gel 
. software in TGF-P 1 -stimulated cells trans- 
acted with ACytTbRII (Fig. 2a). Histograms shown 
in Figure 2b quantitatively confirmed die authors' 
enervations. 



erne band 
wild-type 



Transfection with pCMVS-ACytTbRII results 
in obliterated expression of the collagen I 



Diminution of the activation of Smad by 
dominant-negative receptor type 11 

It has shown before that "POP-pi may upregulate i 
transcriptional activity of the collagen type I ge: 
- < i i j . i i, n no- d \M re- 

acting factors that bind with high affinity to i 
enhancer-i/anitint- P.V.'t " <■ -til H".uiir. dt:i 
ent TGF-P n ' e ^ 1 e ia wo - i 

pfe mecans 1 akk "c t > v .tvj v t 1 ct 

L J * ! e '- si fl-..: . 
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CoH^S/-'' t yn},\bv,;::,i by ihinin-j;;.; ->i.,:;'^;;:.l i'Vcap;:or 



; .H3 




Ij.'.riiJii i i J I I j i i 1 1 t tl i lii 

in gcl--sampk butter and extracellular proteins were sizc-rraaiorwted or. 7 >■ , sodum- .louccv! -adfaie pohyKrviaiiiida irei dee:; 
1 , , i 1 J ! n^l 1 hul , d V i r i hi J v 1 i nti ii C , I it n niu 

1 i j 1 4 in n^ck-iTaiisiecicd and TO:"-' hi irce,ted ) lane. ■ v. the r I i 11 1 th 1 

,j l^i t s ii t r <>! v-iih i t 1 K Oaia.'iianve data resuhiner :r..i-i ill adhere:;! fit (bi i d 

4 1 syndieMs nfvoannl h ( l tl j i uthH/1 u K I c I and ii HU u ibui)TGF j)] it 

ceils transr'ected with n€MV ^aCy-'I'hWI ii' < il.O'i ) Hepatic stellate cells rendered an identical pattern <>! collagen synthes 



lompe 



. The 



J from Cos-1 cells and HSC t 
i TGF-fJ and mock-transfecte, 
-rTbRII. The protein concent n 
adjusted to equal concentratR 
escribed in the ieeend fur Figu 
,5 from TOF-p* 1 



determined 
her eel] tvpe 
tre 3a shows 
•eated, mock-irans- 



tvd :ivi Ii i m i Smad-2 3 binding 
s compared with their non-treated counter- 
act, lanes i-3;. rotted ins die increased activ- 



indueed in 



red 'r 



nad-2/3 DNA consensus 
pecificity of the binding 
rompetition with an irres- 
3 consensus sequence). 



ici.l: 



of a 



aUlho 



addressed the question or" whet'?! or antibodies again:.? 
Smad-2 and -3, could compete for the binding ro the 
target DNA. Figure 3b shows a representative picture of 
three different experiments when nuclear extracts from 
TGF-fil -treated cells were preineubated with corre- 
sponding antibodies, and subjected to standard H.V1SA 
assays. When nuclear proteins were separately preineu- 
bated with ami-Sma-d-2 and anti-Smad-3 antibodies, ii 
was found that mostly the hitter amino Jv was able to 
reduce the binding for the target DNA. , , , 

complex A disappeared and complex B intensity 
..Uere-.-.i h ii a use j ti et t i : j the 

Srnad-2 3 DNA probe-bound nuclear factors are 
Smad-3. 



Transfection with ACytTbRII results i 
decreased collagen synthesis 



Treatment c 
monoclonal 

diminishes i 



extracts with 



386 



/ ff-:rrxi7!,:;.c-<'.:ai'<>K'::i-:>: et a;. 



DISCUSSION 



e 11 ! 



5 -bl r 



steady->-iJie levels of col ren type I i RN J . in i .an- 
b fashion, a t i i reliec'ed in i - 1 I pro- 
tein production by cultured cells. 

The present n - amy ^ j - ' - 1 h .1 m n K 1 , n 
vation of Smad-3 in HSC and Cos- 1 cells is a key step 
;r. the farotc; dovaireaoiaiion of coiiayeo I ecr.c ov'spres- 



dai 



of 



] iterative change? thai occur ioliovvir:,.!, risscc damage in 
multiple organs, including the incr. 2 ' Meser.chymsi 
and infiltrating cv»' h.ivc been suggested as potential 
sources of TGF-B in several tissues. Given the hetcro- 
uvne.t- of the cellular « urce, the general consensus is 
that no definitive therapy has been implemented to 



den ion of TGI i L J Kir, i ar- 

rhouc rat liver* can be obliterated by .-sins; an annser.se 
technology, Thus, the authors were abie to show that 

(J l 1 III 1 S t i_ t - l 1 i I 'e let' 

against the translations) initiation site of TGF-p 
resulted m decreased TGF-p 1 prodectnoi as mea-earcd 



espo 



Gf- 



invc^tigatum and Smad-2 and Smad-3 have been 
<.[nn 1 in l i t< o i < ti n dueers in 

response to TGF-p." ' These two proteins can form 
complexes with Smad-4 and translocate into the 



odnao 



TGF-p-i 



the iraraeeii - <.J, n i I s T , 1 a o . re - 

a premising target fur ant; tie roue therapy, thai is. 
rt t „j : - H c . . od . . \ my 



tion in activated HSC' In addition. Smad-3 has been 
shown t be ait important mediator in the activation of 
HSC : Taken il ti ether these reports support the 
present data that sheds light on the molecular mecha- 
nisms involved. 
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HEPATOLOGY 

Urokinase plasminogen activator stimulates function of 
active forms of stromelysin and gefatinases (MMP-2 AND 
fVIMP-9} in cirrhotic tissue 

Jaime Gonzalez Cuevus/ Miriam Bueno-Tapete* andJuan Armendariz-8orunda*- : 



Abstract 

Buckenouiid: I he ati!h,nV precastis Jala sup-por! the n,,fi< n tii.il :iJ L :ise.»-, ira! itnven in ukl - 

cmiiM-;:., The sjveili, anil .>: the jsvwl d stud) 'A :s> to decipher (ho nicoh:,n!sni', im -oh off 
tniht v iA< .- i li l o. . „li et.d tt J" i f ip til, i l II >| i i so \JMP' 

tiii i n ic i I i i h i r i i iii 

Methods; Tissue shoes , , ,f I , i n is \ m.m ted v\ rh t PA rnJi .super-- 
natants from 24-h-eutaircd hipatjc stellate coils (HSC). Matrix tnaailoproteinasc-Z -9 and 

nioiogic , ii I iv I t ,,.i,i in u 1 1 PA T. UilI. i , . h > sl.-i.ii lin the 

i' n 1 P\ .oiO ii, m t tut I ui i i i Ju,. mi m by 

MVit'.V MMi'-e MM!" v. Ch,!l.,ooii !. i,;iesio,m ; i:i: ^owM, 'oca.,,-;',! rfGI- ji I ;. plas- 
minogen activator inhibitor- 1 (PAI- ! i am! T1MP I mRNA level* -.'.ore also evaluated 
Results and Conclusion: Endogenous u PA r'roni cultured HSC Mgmiicanl ly induced the 
active forms of MViP 2 (6SVDa) and VI MP- 9 <78 kl)a) in cirrlmtie tissue slices. The 
T1MP- I moleeiifai -'forms demons;, ated that u-PA pushed the pnw of Tree' T1MP-I 
(mil complexes! with MN-1P; ? I •?•) in cirrhotic tissue-. When non-producing u-PA-HSC were 
iransTected will." ;,do:ic,\ :oal -.,*.. lor ood;-;.- for the Ue;cl!0!i,ii human pii.ien; O-PA (Adiul- 

PA), an ovcracovarinn of MVi.P t. MMP-2 and MMP 9 i.!<WC 4S'* and 100%. respec- 
tively) was found as compared with HSC traiisfeclcd uith control adenovirus encoding 
green fluorescein protein lAd-GFP). Finally, irene expression of collagen I, TGF-[5l, PAI- 
I and TiViPTvvere douweguialed by Adhti-PA action as well. 



Introduction 

Common or liver fibwts and cirrhosis; mcii.de rn, 



■oo'-v-h factor -EC. Pi i knnok: iioruol:- and a ' I , , 

i The t v 1 do-iriai:: r-, . he , > u . its 



elacmi;! ;: 
f. d plusi ! 



<i!) v. ill depend the net oakaiec bet' 
aedvaas.- i i PU ' . P.M-2 



ated 



,ai!t:;c 



u PA 



HSf 



v O r - I I I I' ll I ! 

ill J ! j i l is i P n - i UK , it 

11 | L ' 1 | t 1| 

jected to different analv/cs: ^estem KiWw .• 
metalloprotemj*;-. HMPj I MMP 2 at J \1MP o 
grams for MMP MM! ■ , ;\ i 1 > 



ic :U-, t- uoe: tc .i.di^c re 



ir hepatic 



matrix degradation u e di-iavas, 
siiniukiiK-.i: or hepa;. <c ic rcycra i 
, t dHir . if. 



(Ad-vectors) we were able to 
sr coding for the functional 
riven expression of u-PA ren- 
ts: induction of" extracellular 
>f fibrosis index in 85%) and 
ion through ttepatoeyte growth 



Liver homogenates 

I. 



f nil. Httc 'lit iii i iii 

i m,l in-. ri< i .rii ^ " ,s " " 'i"i'i -■: ■< i 

0.02* sodium azidc> feUmL ' aprotinin J <S- Triton X- 100. 1% 
I I 1 i 1 l| h iii l i i ii i i i 1 i i i 
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Improved Effects of Viral Gene Delivery of Human uPA 
plus Bifiodigestive Anastomosis Induce Recovery from 
Experimental Biliary Cirrhosis 

Alejandra Miranda-Diaz, 1 Ana Rosa Rincon, 1 Silvia Salgado, 1 
Jose Vera-Cruz, 1 Javier Galvez, 1 Ma Cnstina tsias, 1 jaime Berumen, 2 
Estuardo Aguilar-Cordova, 3 and Juan Armendariz-Borunda 1 ' 4 '* 

.iMri.:,-!;,"n...Lii i-L'-m ■■ .. •.; ■■ ■ 

'Attvanta$em. Int.. San IXegn. California 92021, USA 
".),!> , . i ., , i. i i <,,iu'.h<;<, <;<<:< • . 

•i!" H'/i«i)f ,'iV;'!iS;i,.'n.i,-/.. I .if.-.,' ;,:?!ini itu-llU i\ :!,h:i: ,'/v J'; I.i !:!.-. .Y ? V/.-vV.wJ.lf ft,-/- :r a! ,.<;., : I,.: "lis' lihrfipy. 

/hi rr-'i ; j/ ? l ' -J-< 1 f ' "4? 

Gene therapy may represent a new avenue for the development of multimodal treatment for diverse 
forms of cirrhosis. This study explores the potential benefits of combining adenovirus- mediated 
human urokinase-plasminogen activator (AdHuPA) gene delivery and biliodigestive anastomosis to 
enhance the therapeutic efficacy of each treatment alone for cholestatic disorders resulting in 
secondary biliary cirrhosis, in an experimental model of secondary biliary cirrhosis, application of 6 ■< 
TO 11 vp/kg AdHuPA adenovirus vector resulted in 25.8% liver fibrosis reduction and some 
improvement In liver histology. The relief of bile cholestasis by a surgical procedure (biliodigestive 
anastomosis) combined with AdHuPA hepatic gene delivery rendered a synergistic effect, with a 
substantial 56.9 to 42,9% fibrosis decrease. AdHuPA transduction resulted in clear-cut expression of 
human uPA protein detected by immunohistochemistry and induction of up-regulation in the 
expression of metailoproteinases MMP-3, MMP-9, and MMP-2. Importantly, functional hepatic tests, 
specifically direct bilirubin, were improved. Also, hepatic cell regeneration, rearrangement of 
hepatic architecture, ascites, and gastric varices improved in cirrhotic rats treated with AdHuPA but 
not in counterpart AdCFP cirrhotic animals. We believe this might represent a novel therapeutic 
strategy for human cholestatic diseases. 

Key Words: bile-duct injury, fibrosis reversion, coadfuvant gene therapy 
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Therefore, re- eoi^\'.j e\\; n. rents shown in Fig. 2 
to evaluate such a combined treatment. Animals 
showed i ran'., .tit J< < atu r. of liver enzymes AST Ai i 
alkaline phosphatase (AP), and total and direct biliru- 
bins following BDL. We obtained l\. hi.t v :nvi 
each rat before BDL and at every step described alter 
ligation, At the end of 2 (Group I) or 4 (Group 2) weeks 
ail rats had increased liver fibrosis along with histologic 
and clinical features already described jlSj. Then, we 
subjected all animals in both groups to BDA to induce 



this stage for -■' days. Hepatic fibrosis index continued to 
be elevated to similar extents in all animals. Then, we 
injected 7 2-week BDL cirrhotic rats via t lie iliac vein with 



constituted Group I. Similarly., we treated 5 4-wcck B1U 
cirrhotic rats with 6 * H>" vp/kg AdHuP.A and 5 parallel 
rats with 6 * 10 U vp/kg irrelevant adenoviral vector 
AdGfT, These 10 animals constituted Group 2. We kept 
all rats under surveillance for 10 more days, monitoring 



t j,,t , ei.Hitai 

fibrosis ratio in Group ! and 42.9% 
injected with AdHuf'A, hut observe 
percentage fibrosis index in ardn: 
\dG14 I 0,0< 1 M< re< vet we have 
i i' u " t a an ru n i x Jj >i 
vention as control. These data 
for 2 weeks, plus 7 days (with 
sis), plus If) days, winch equa 
injected with .reenovvctor. Sii 
iower right corner BDL anima 
out \ i d e. .r . ana ton, ire 



AdGFR on 1 
protein degi 
decreased fil 



t BPI 



r rib.o.e 



pat s ' l. t t * nd d tn tiis lud 

l-o.dl;. cXj ssion of b man ul'A see lar. n idg. S) 
in cirrhotic fivers led to an important resolution of 
fibrosis and regeneration of functional hepatocytes as 
determined by numnnohisMcheniicai reaction with an- 
ri-PCNA antibody (Fig. 3i. Multiple mechanisms may 
account tor the induction of hepate.cete regeneration 
and matrix degradation by activation of the metallo- 
proteinase cascade may lead to remodeling of the dis- 
torted architecture and angiogenics and may free up 
space for hepafoeyfe expansion, A potential mechanism 
for the degradation of fibrotic tissue observed with 
AdHuPA is through the disengagement of latent metai- 
ioproteina.se complexes with TIMF's rendering active 



no J 



ivndadzdsorunda, i 



s treated with 



Hepatic si.dlate -\'-*.<.< 
pscityof these cells to syndics* 
collagenous proteins. It i.s clear 



of mitotic figures il'CXAi indie ain.ji Jti active iiver cell 
regeneration as opposed to VIU t ruaue .,11,11 is river 
tissue slides stained with icraatoxylin and eosin are 
included in r ig, ,>C to demonstrate this mitotic index. 
Ascites as wd! gastric varices improved importantly in 



bilirubin, indicating a clear re! 
It is important to point out tha 
groups of animals (2- week BDL 
with the therapeutic adenovei 



in biochemical !i\ er 
>sr striking Ix-nefieiid 




w st.it tu in 1 mki i ii T 1 yin Group I. These results 
are relevant since it is well established That the relation- 
ship of serum bilirubin concentrations to survival is 
in ersdy y oyortional n is otb adult and pediaf- 
in u'i i i lei i 11 ii i i >r ..re s to the 

need i'or liver a nvsl m t ^ ! fi - ■ scrum biliru- 
bin jc n 'uc uh . it irh wi c, (Mth much poorer 
survival in another study j'2Si. It is clear, then, that in 
patients with bili.m cirrhosis elevated serum bilirubin 
\-iuc- in in , depmdi-t > i f poor prognosis 

m i 1 ii r in is one f the i st. s;g ificant vari- 
ables in the Mavo mathematical model of survival in 



in trying to ducidah the mechanisms of action of 
human uPA protein in the degradation ol collagenous 

o J t tii | i [in i , 

tochemical staining .'1 i < ' ,'ibxm , against 
human ujh1m:i.ol-'jL . n • ..'i n ,ut .a'.a and meluijo- 
proteinases like MMP-3, MMP-9, and MMP-2. 

Fig 5 O ,i th e< ifii ii i um sta aui ; u 

liver from cirrh.i>iic drained animals injected with cither 
AdHuPA or AdGTP. lasers from AdHuPA-treated animais 
underwent a cascade of eventv resulting in specific detec- 
tion uPA, MMP-3. MMP-9, and MMP-2. 

Although we did not run a kinetics curve at different 
times post-Ad injection, i ur reasoning. *nd according to 
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RESEARCH ARTICLE 

Cirrhotic rat livers with extensive fibrosis can be safely 
transduced with clinical-grade adenoviral vectors. 
Evidence of cirrhosis reversion 

j Garcia- Baf>ue!os ! , F Siller-Lopez 1 , A Miranda, LK Aguilar, E Aguilar-Cordova 3 
and ] Armendariz-Borunda 1 

'hmiitutc of Mokvulnr Hk>h$u in Medial;::- ,uui Q;iif Tkensyu, CUCS, iln;:;o -y C,,,iiluai,;ra, Gii.ulahyara, Mexico; 
\j i ' < 1 ! f, ,7 liar fiy C (I rtt) hntntt Ha I > Mi USA. 



Adenoviral vectors efficiently target normal liver cells: how- 
evefj a dear-cut description of the safety boundaries for 
using adenovectors in hepatic cirrhosis has not been settled. 
With this in mind, we used a first-generation, replication- 
deficient adenoviral vector carrying the E. coii lacZ gene 
(AdSpGal) to monitor therapeutic range, biodisiribution, tox- 
icity and transduction efficiency in Wistar rats made cirrhotic 
by two different experimental approaches resembling 
alcoholic cirrhosis and biliary cirrhosis in humans. Further, 
we show proof of concept on fibrosis reversion by a -thera- 
peutic' Ad-vector (AdMMPS) carrying a gene coding tor a 
collagen-degrading enzyme. Dose-response experiments 
with AdS'fidai ranging from I x T0*-3 * 10'" viral particles 
(vp) per rat (250 g), demonstrated that adenovirus-mediated 
gene transfer via Iliac vain at 3 v. JO" vp/rat, resulted in an 
approximately 40% transduction in livers of rats made cir- 
rhotic by chronic intoxication with carbon tetrachloride, corn- 
Keywords: cirrhosis, gene transfer; safety; fibrosis reversion 



pared i. t S ' , , r 

In rats made cirrhotic by bile-duct obstruction only. 10% 
efficiency of transduction was observed. Biodistribution 
analyses showed that vector expression was detected prim- 

there was an important increase in liver enzymes between 
the first 48 h after adenovirus injection in cirrhotic animals 
compared to non-transduced cirrhotic rats, this hepatic dam- 
age was resolved after 72-96 h. Then, the cDNA for neutro- 
phil collagenase, also known as Matrix Metalloproteinase 8 
(MMP8), was cloned in an Ad-vector and delivered to cir- 
rhotic rat livers being able to reverse fibrosis in 44%. This 
study demonstrates the potential use of adenoviral vectors 
in sale transient gene therapy strategies for human liver 
cirrhosis. 

Gene Therapy (2002) 9, 127-134, DO!: 10.1038/sj/gt/3301647 



>!r;itt.>t;v for aver i 
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Specially around centra 



AdeaewraH)M» dsii'-ery in cArhofe 



r intravenous a 



resembling secondary biliary cirrhosis in humans. This 
t II, t,'Uiv .ii 'f' inert of functional hep- 
„lk tv-^lN . an.tu tt w~ dcin.e^ or ALT, .striate tram- 
U 11 , l \S ii III - it 1 . 1 

oui esult e supported I i lions showing 

that systemi c ninistt tii cii denoviral 'vectors can 

effectively diseased h'Vei'S. - : 

Results and discussion 

Two rat cirrhosis models were used: carbon tetrachloride 
i.CCd r iieaiment; induced experimental cirrhosis that 
i > , i I U - u di < t i i i 1 i -i i- v eil li-. unfuto - 
post-chronu iniectioti with hepatitis C virus and the bili- 
ary due;. ligation modd iBUL: mimics biliary cirrhosis m 
rL , r;Vl , ' [X.si-, or Addpcda! ranging from 1 x 10 s - 
3 x 10 IJ viral particles (vp) per rat "(weighing approxi- 
mately 250 s,) 'were deliveied svstemieailv through the 
,li , \ ii ii-l i>ii tii.. i in per hum were "tested. 
The vroai of these experiments was to establish the tox- 
icity windo* oi adenoveetor dos.a-ce. i'lie dose level el ! 
x 10 i2 (4 x !l) i2 vp/kg) resulted in' high mortality (100% 
in cirrhotic animals and approximately 60 c i in normal 
rats). A 3 x 10" vp (1.2 >■ K) n vp/kg) dose killed all cir- 
t! u animals and ' of healthy animals, whereas 3 x 
}{)" total vp 0.2 • U! 1 " vp/kg> was reasonably tolerated 
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optimal degr 
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fibrosis. In a previous paper ' we used a drst generation. 
, ,i i i . , . ectoi i i it DNA i rokh 

^ [ ! HI 1 111 tl > ■ f H ii ' ' e t 1 

r] H ., sl . u- n' -trie * it manner with no further compii- 
, , tl The dese iis,-d v a.dold anO 20-foid i 
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Menowralfw* delivery in cirrhotic 'a! livers 
- 




Adenovirsl-gene delivery in csrrhtrtic rat livers 
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\ experimental cirrhosis models v 
■ 250 g at the lime of AdapGal i 



,'ig.hed approxi- 
iection. For the 
, Ad MM PS was 



Evaluation of lis; 
med using th 
, - i 1 > bove 
For immunohisUKheai 



occupied by 
-■ image a> 



ed 1 



slku 



liver sections were 



.tin ' 1 I DN A u re} > 1 i 

eT , dh.3 iii i » 't ^ to In, m j Utt.FP were 
i i n ) i i t 

/n s/fc li-gra/ assay in whole tissue preparations 
The P-gal activity was determined 72 h after AdSBGal 
injection. To i o te i m,- t l i r rs, , o> L ru i 
ent organs, liver, brain, heart, ileum, testis, lung, kidn 



washed twice 
formed. AU re 
endogenous j 



v cut 



; thm 



id the tissue Slices were 
2 plates and washed three 
for 15 min with 10% buff- 
xation, tissue slices were 
ui X-gal staining was per- 
iod out at pH S.5 to avoid 
ivitv. X-ga! reaction sol- 
ti. TOO niM K-,Fe(C.\% 100 
NP-40 and 1% sod jam 



:• de; 



id- 



em h-.. 



i n< iiiii id tf- i . i i lM-iH.N-.hr For 

cj 1 n.eth i i i'. n- . Jo- . t u t i'ii i pei 

iportai areas were evaluated at x32t> magnification, 
fmnmrtob st > 1 r t i >i i u <. ! n 

counted bv an au torn u-,..,!,! n.h/ti O . tcma 

Quantification of MMPS secretion by ELISA 
'..iv-.r: kmnogen.-m s u\ff obtained as previously 
described" and total MMP8 was quantified using a 
Biotrak ELISA assay according to the manufacturer's 
iiisrrucrions. Ar ;i- bunvm MVH'S Bio-Oak fd ISA system 
was obtained from Amersiiam Pharmacia Biotech 
{Piscataway, N], USA). 

Hepatic function tests (HFTsj 



Evaluation of \l-gai activity in tissue section preparations 
'['issues were cur in S-ti-iimr squares and embedded in 
Tissue-Tek CX.T compmnd (Miles, Elkhart, IN, USA), 
mi -> thin 



this, sections «,re po : ,v b- '. 

s -i . u. ■ d, n.l in PBS, ei 

vith Neutral Red and eoversiipped with 

a In tr ttei sr ,,-u >dl tson in 



ad.d.e 



Statistical analyses 

Results are expressed as mean ± s.d. Student's i test was 
used, P < 0.05 was considered to indicate a significant 
difference between groups. 
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Treatment With Human MetaIioproteinase-8 Gene Delivery 
Ameliorates Experimental Rat Liver Cirrhosis 
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Bacf<gfcmnd & Aims : An extrahepatic human neutrophil 
coitagenase complementary DNA (matrix metallopro- 
tease-8) cloned in an adenovirus vector was used as a 
therapeutic agent in cirrhosis. Methods : A high titer of 
clinical-grade AdMMP8 was obtained. Results: HeLa 
ceils transduced with AdMMP8 expressed recombinant 
matrix metalloprotease-8 messenger RNA and matrix 
metalloprotease-8 protein. Matrix metalloprotease-8 in 
culture sups showed enzymatic activity against native 
collagen type (, which was inhibited by ethylenedia- 
minetetraacetic acid, 1,10-phenanthrofine, and tissue 
inhibitor of metalioprotease-1. in vivo transduction 
showed matrix metai!oprotease-8 activity, and studies 
to establish the efficacy of this characterized vector 
were performed in CCi 4 and bile duct-iigated cirrhotic 
rats. Transduction with 3 x 10 11 viral particles per kilo- 
gram resulted in hepatic detection of both messenger 
RNA and protein matrix metafioprotease-8. A consistent 
response in fibrosis reversal was observed in CCl 4 rats. 
Liver fibrosis in bile duct-iigated cirrhotic animals was 
decreased in 45%, along with diminished hydroxyproline 
content, after AdMSVlPS treatment. The expression of 
matrix metaiioprotease-2 and matrix metafioprotease-3 
was up-regulated in Ad IV! MPS rats. Free tissue inhibitor 
of metafioprotease-1, as an indirect measurement of 
active uncomplexed matrix metailoproteases, was 
also increased in the AdMMPS groups. Transforming 
growth factor-fl messenger RNA was diminished, and 
matrix meta!ioprotease-9 and hepatocyte growth fac- 
tor increased. Treatment in both models correlated 
with improvements in ascites, functional hepatic 
tests- and gastric varices, indicating diminished intra- 
hepatic blood pressure in animals injected with 
% \i\v* i Therefore, therapy with the 

•natr x meta loorotease-8 gene is promising for use in 
a :> i cai sett g 



S~\ ur research lias been focused on the cellular and 
K^J molecular mechanisms that govern the progression 
and potential reversion of fibroric processes in both ex- 
perimental and human cirrhosis. Liver cirrhosis is an 
irreversible end-stage disease and is the seventh leading 
cause of mortality worldwide. Generally, chronic con- 
sumption of alcohol is the main cause of cirrhosis, al- 
though chronic infection with viral hepatitis C is also a 
major cause, 1 Normally, the homeostatic hepatic cell/ 
extracellular matrix (ECM) ratio is maintained in the 
liver by well-balanced synthesis and degradation of ECM 
components. 2 In cirrhotic liver, however, an altered bal- 
ance cakes place because of an excess in the synthesis and 
deposition of ECM proteins (fibrogenesis) and/or a reduc- 
tion in the removal of this excess (fibroiysis), with the 
consequent onset of fibroric scarring. The pathophysiol- 
ogy of ECM formation during hepatic fibrosis is multi- 
faceted and complex. Fibrogenesis involves a change in 
the expression of ECM proteases (matrix metailopro- 
teases; MMPs) or their inacrivation by specific inhibitors 
(tissue inhibitors of metailoproteases; TlMPs) M and an 
increase in the synthesis of interstitial (types I and III) 




growth factor <TGF)-p\ inrerleukin-I, and platelet-de- 
rived growth factor. These cytokines are produced 
i f i s \\ i t\ e 



Abbreviations used in this paper BDL, bil,: djet ligation; bp, base 

, <> 1 Jt 'II-, C 1 r M _ 

assay: HGF, flepalocyte growth factor; HSC. hepatic sleHate celt: MMP, 
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degradation.'- 
approac hes ha 
previous wor 
gene delivery 
plasm ino^ 



t hv 



promise. Human urokinase- 
cment of cirrhotic rare resulted 
s and in vigorous hepatic cell 



This work focuses on restoration of normal liver ar- 
chitecture with consequent recovery of liver function of 
Cirrhotic anirmis by iiflt-novir.il administration of a gene 
coding for MMP-8, a neutrophil collagetiase whose pref- 
erential substrate ts type I lolbgcr.. •' • 'J 'he rationale !nr 
using MMP-8 consisted of promoting in sit u degradation 
of ECM proteins, releasing hepatic growth factors, and 
freeing up space for hepatic cell proliferation. We con- 
structed an adenovirus vector (AdMMPS) that has proven 
efficient transduction and induced MMP-8 production 
with properties of the naturally occurring protein, which 
degraded efficiently in vitro in collagen type 1 and was 
inhibited by ethylenediaminetetraacetic acid (F.DTA), 
TIMP-l, and 1 ,10-phenanthroline. Furthermore, because 
we had shown that cirrhotic liver'- M cransfection by 
adenovirus vectors was dose dependent and that dosing 
in the range of 1 O 1 ' viral particles (VP) per kilogram was 
most effective in inducing a therapeutic effect, we de- 
cided to use a single application of 3 X 10 !i VP per 
kilogram of AdMMPS via the iliac vein in severely 
cirrhotic rats. This resulted in in situ production of the 
Cognate protein effective against collagen type I and in 
amelioration of the cirrhotic proc ess. We used 2 different 
experimental cirrhosis models to validate our proof of 
concept, ami we provided r ri ; , :ns,gisis or, die 

molecular action of MMP-8. 



MMP-8, was digested with \-Ceu\ and PI-S«I. The released 
fragment was hgated with the i-CwI/PI-fel-digesred plasm id 
P AdHM2, which contains the AEt-AE? adenovirus type 5 
genome 1 tic re i i i i r i uli \ ,s tiami' i td into 
• t i ,r* r I- it i d t i I. .. ' ones were isolated 
by „i i i i " r ir u i i r £t*j e ' , fsii in i iilihi, 

La-^t scale r- r w , , u • r d , 4 IK\1 

Generation of Adenoviral Vector 

AdMMPS. a rcpocaiioivdercctoe adenoviral vector, 
was obtained from pAdHM2-MMPS by fori digestion and 
iraii.oeiO.ea with .ip-niei uinine into human kidney embryonic 
293 cells seeded in a 6- well plate by following the manufac- 
turer's instructions. Twenty-tour hours liter, cells were cul- 
tured in minimal essential medium/V,* BCS or overlaid with 
i I I SOS. Te 



expanded in 19~> cells tor prep, no. on <a t^gc -scale stocks 
Polymerase chain reaction (PGR) was used for identification of 
Ad M MPS in every step of purification and for the final pro- 
duction. Vector production (including AdGFP as an irrelevant 
control vector) was performed under Good Laboratory Practice 
conditions by i.mi i standard methods as previously de- 
scribed.'* Stocks were stored at — ?0°C and thawed immedi- 
ately before use. Recombinant adenovirus was tire-red on 293 
ceils by end-point dilutions 16 and tested for replication defi- 
ciency hv titration or, nuiipcrrnissivc HeLa cells. 

Matrix MetaIloprotease-8 Expression in 
HeLa Cells Infected With AdMMPS 

Confluent HeLa cells obtained 2 1 hours after seeding 
in a IOO-mm dish were incubated with AdMMPS I X 10'° 
VP per milliliter (2.7 X 10* lU/mL) in minimal essential 
medium/5% BCS, and medium was replaced with X-Vivo!5 



Materials and Methods 

Recombinant Plasmid Adenoviral 
Construction 



1 MMP-f 

pf.MV 



Gene Expression by Reverse-Transcription 
Polymerase Chain Reaction 
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37°C; the same samples without RT * used as control. PCR 
amplification of the MMP-S complementary DNA (cDNA) 
fragment corresponding to nucleotides -139-797 (358 base 
pairs H cf the pu hi islird 1 i ) i i e ( & ns acres 

siofs lit 'f * * i i 1 i 

Taq polymerase tor 30 cycles (94°C for 1 minute, 56"C for 1 
minute, and 72°C for 1 minute) by using ser.se primer com- 
plementary to base pairs 439-462 f 5 ' - AGCTGTCAGAG- 
GCTGAGGTAGAAA-3') and antisense primer complemen- 
tary co base pairs 7/4-797 (5 '-CCTGAAAGCATAGTTG- 
GGATACAT-3'). PCR for thecormitutivdy expressed human 

I ii chi, > ii lit l J 

tiase (GenBank accession no. X0I677) was performed with Taq 
polymerase for 30 cycles WC for I minute, 69°C for 1 
minute, and 72°C for 1 minute) by using sense primers 
complementary to base pairs 396-414 (5 ' -GCAGGGGG- 
GAGCCAAAAGGG-3') and antisense primer complementary 
to base pairs 9-12-96! (5 '-TGCCAGCCCCAGCGTCAAAG- 
3'). The size of the expeettc product was 563 bp.'* 

Likewise, total RNA was extracted from livers of control 
and experimental animals to conduct RT-PCR for hypoxan- 
thinephospluvribosy .transferase am! hepatocyte growth factor 
(HGF); collagen type I, III, and IV; TGF-pl; and MMP-9 to 
analyze hepatic regeneration and mechanisms induced by ex- 
pression of MMP-8. 

In Vitro and In Vivo Quantification of Matrix 
Metafloprotease-S Secretion by Enzyme- 
Linked Immunosorbent Assay 



huder 
hours 



rhe 



cell I y sates from uninfected and mtkled cells was quantified 
by using a Biotrak enzyme-linked immunosorbent assay 
(ELISA) according to the manufacturer's instructions. Dilu- 
tions of rhe samples were effectuated ro work within the 
standard range of the assay. For in v;vo determination, liver 
extracts were obtained esse:;: iel'v a:, dcscr.bed previously ! and 

assayed with the same in ELISA a* .;« «.nhed previously. 

In Vitro and in Vivo Collagenase Activity 
Against Soluble Type I Collagen 

I i M F - roen/yne 

uiiquots ' of die concentrated u vupernatants were 

incubated for 4 hours at 25 e C with I mmoi/L APMA in a 
buffer containing 50 mmoi/l Tris (pH 7.5;, 0.2 moi/L NaCi, 
1 ( s L /,(■ 



The re.i f r i r re at t 4 mm 

dodecyl suifate-poiyacrylan ide gel The gci was stained with 
Coomassie Brilliant Blue R-250 and desrained with 30% 
methanol and 1095 acetic acid. 

Animal Models of Cirrhosis 

Basically, rhe regimen for C,C\ 4 intoxication was per- 
formed during 8 weeks, as described previously," and all 
animal studies were performed on male Wistar rats m accor- 
dance with University of Guadalajara's animal experimenta- 
tion guidelines. This experimental animal model closely re- 
sembles human alcohol-induced cirrhosis. Rats weighing 
1 50-200 g were anesthetized with ethyl ether, and the com- 
mon bile ducc was exposed and ligatcd <o induce fibrosis by 
total biliary obstruction (bile dtscr ligation; liDl.) according to 
the method of Lee et al. JI After surgery, rats were kept for 4 
weeks and were given free access to food and water throughout 
the experiment. Five rats were sham-operated at the same time 

of concepr on fibrosis reversion, ; 
Then, a bifiodigestive anastomo: 



r.bed 



before and after the surgical procedure, 
ive anastomosis was established in each 
animal to re-establish bile flow ro eliminate the injurious 
fibrogenic cause. Animals were left at this stage for 7 days, and 
a liver biopsy sample was also taken. At this point, 5 animals 
received 3 X 10" VP per kilogram of either AdMMPS or 
AdGFP and 10 days later were killed. The fourth and final 
liver biopsy sample was obtained for each animal The fibrosis 
index in multiple liver biopsy samples from animals at dilter- 
ent stages was then determined. 

Quantitative Analyses of Fibrotic Index 
and Immunohistochemistry 

1 [ ii 1 I urhrmistrv 
evert ^naiv/eJ 1 \ s , <. is n which 

multiple 5-mm-thick liver sections from AdMMPS, AdGFP, 
and saline-treated rats were stained with Masson's dye and in 
which m< > i ',^1,11 s .ii c : \a 1 s - 
fields n u tissue section; w r -* e by a computrr- 
asSiSteJ (mare proer.wu Qsvin Lerca:. l: ' Histological hud- 
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and checktr 'rand m os p I it ids tor each tissue 

Biochemical Determinations of 
Hydroxyproiine Content 

Liver sample--, scrr optaoitd ,iz the moment at death, 
and 1 50 mg was subject! J ■ i u- ' i>- -etermsne the 
r i r t i il i r i t\ < I i J l 














# 



Western Blot Analysis 

The presence ofMMP-2, MMP-3, and TIMP-1 in liver 
homogtriuttes irora treated rats was shown by Western blot 
analysis, as described previously. " Approximately 100 mg of 

buffer (10 mmol/L HE PES [pH 7.9], 0.-12 moi/L NaCl, 1.5 
mnsoi/I. of MgCL. 0.5 mmot.'L dithiothreitol. 0.>' : .¥ Nonidet 
P-40, and 25% glycerol) with a protease inhibitor cocktail 
from Roche (Summerville, NJ) at 4°C, followed by centrifu- 
gation for 30 minutes at 13,000 rpm. Supernatant was col- 
lected, and protein concentration was determined by the Brad- 
ford assay. 17 A total of 20 |xg of protein tor MMP-2 and 
MMP-3 and 300 |xg for TIMP-I was separated by elect ro- 
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antibody (from Sigma [St. Louis, MO] for the MMP> a 
Roche for TIMP-1) diluted 1:5000 for MMP-2 and MMP-3 
and 1:3000 for TIMP-1 . Proteins were detected with enhanced 
e detection reagents. 



Statistical Analysis 

Results are expressed as rr 
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t SD. The Student / test 
to indicate a significant 
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Figure 1. (4) PCR products of MMP-S and glyoeralriehyde-3-prtos- 
phate dehydrogenase (GAPDH) of total RNA extracted from control 
[lanes 1 and 2) and AdMMPS-tran sauced (lanes 3 and 4) Mela cells, 
treated without (lanes 1 and 3) or with (lanes 2 ancf 4) Moloney murine 
leukemia virus reverse transcriptase. PCR was performed with spe- 
cific primers for human MMP-8 and GAPDH. A DNA molecular 1-kilo- 
base DNA ladder (Promega, Madison, Wl) was used as a size marker. 
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mmol./L {lane 4), 1,10-phenanthrollne 2 mmof/L (lane 5), and TIMP-1 
50 nmol/L (lane 6) or 200 nmol/L (/ane 7). (C) MMP-8 enzymatic 
activity in cirrhotic liver homogertates transduced with AdMMPS 3 x 
10 11 viral particles per kilogram (Jane 1), administered with AdGFP 
(lane 2) and collagen type I (lane 3). Collagen dimers and monomers 
are depicted as a and (J, «1A, and «2A and are the characteristic 3/4 
and 1/4 pro^aL ' \ i ii I i j i -o i i ji l J 

respectively. 



Matrix Metal lop rote ase-8 Messenger RNA 
Expression In AdMMPS-Transduced 
HeLa Ceils 

HeLa cells were transduced with 1 X 10" ! VP per 
milliliter AdMMPS, and 48 hours later cells were har- 
vested for the analysts of MMP-S messenger RNA 
Cm RNA) expression by RT-PCR analysis by using a set 
of oiigoruHOtML.s;^ spc m. for 'K.n-ai, -.et.cir-rh.t Ll t,„- 
s _ v*» k KK, i a - UsvPf in 

control ceils, but mRNA for MMP-8 was constantly 
detected after AdMMPS transduction , Expression of the 
hoa ekeepn ^ .r. t .'or. ' - r s,,s,t< dehy- 

: •>> i * rr ,o . J I tm . lltl, .> ^ 

was constant and not affected by treatment (Table ! >. 

Expression of Matrix Metafloprotease-8 
Protein in AdMMPS-Transduced HeLa Cells 
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Table l > 5 \ndly zefj ,rt Tissue Sampies 

Gene Primer sense Primer i 



5'TCC CAG CG' CGT " r TAG TG-5' ::. GGC T7T TCC ACT TTC GCT GA-3' 

5' GCC ATG AAT TTG ACC TCT ATG AA-3' 5'-TTT AAT TGC ACA ATA CTC CCA AG-3' 

5-CAA i t CGA CCG ~GG TGA 3 c'-CTA CCG ACG T GC TCA j j 

5'-AGA TGG ATC AAG TGG ACA-3' 5'-CAT GTT TCT CCG GTT TCC AT-3' 

5'-GCC TCC GCA TCC CAC CTT TG-3' 5'-GCG GGT GAC TCT TTT GGC GT-3' 

5--TTG ~"AT CCG GCA GAC AAT CMC C CCT T AT CCA CGC GAA TGA CG-3' 
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were quantified by ELISA (Table 2) by using a polyclonal 
antibody against human neutrophil MMP-8 chat does 
not cross-react with MMP-1, -2, -3, -?, -9, or -13 or 
MT1-MMP. Pro-MMP-8 and active MMP-8 (both free 
and TIMP complexed) can be detected by this ELISA 
system. There was a 1300-fold increase in the secretion of 
MMP-8 to the extracellular media after che infection of 
HeLa cells by AdMMPS as compared with uninfected 
cells. Conversely, a 23-fold increase of intracellular 
MMP-8 was induced by adenoviral transduction. 

Levels of MMP-8 in the filtrate (i.e., proteins <50 
kilodakons) after Cencricon concentration of culture su- 
ra not detected in tins fraction (data not shown), which 
denotes the presence of MMP-8 in culture supernatants 
in che form of either latent (85 kilodaltons) or active 
(64-67 kilodakons) form. 

Collagenolytic Matrix Metalloprotease-8 
Activity of Media Supernatant in AdMMPS- 
Transduced HeLa Cells 

HeLa ceils were transduced with AdMMPS 1 X 
10 10 VP per milliliter for 48 hours and 24-hour serum- 
free media supernatant was harvested for analysis of 
proteolytic activity against collagen type !. 

AdMMPS codes for the gene of latent MMP-8, which 
after o press ! ii rt- j in ht protr i - ^ , j ft 

teases or trypsin) or chemical (e.g., APMA or HgClj) 
removal of the [ n -d 1 i.u , , ce.u' e -c nr. ,naily attne. 



Table 2 - - c "c 'a AdMMPS- 

t j , t -tL- c ; 



Nonetheless, it cun be spontaneously activated in vivo hy 
mechanisms not yet elucidated.' 6 

Culture media from noncransduced HeLa ceils showed 
the same pattern of protein fragments as those from 
AdMMP8~transduced HeLa ceils without the organo- 
mercurial APMA preincubation (Figure IB; lanes 1 and 
2). APMA-preactivated supernatant efficiently degraded 
soluble native type I collagen into the characteristic oil A 
(3/4) and a2A (1/4) cleavage products (lane 3). The 
known chemical inhibitors EDTA (lane 4} and 1,10- 
phenanthroime (2 mmol/L; lane 5) strongly inhibited 
MMP-S activity. The physiological inhibitor TIMP-1 
showed a progressive decrease in the degradation of the 
substrate at increasing concentrations of TIMP-1: 50 
nmoi/L (lane 6) or 200 nmol/L (iane 7). Collagenolytic 
MMP-8 activity in the hepatic tissue of cirrhotic animals 
transduced with AdMMPS is shown in Figure IC. 

Homogenates from hepatic tissue were analyzed for 
proteolytic activity against native collagen type 1. Even 
though a pro-MMP-8 -coding cDNA was administered, 

t ri ii n iar srns no < ' el datet 5c m co " » ling 
to convert it into active MMP-8. Figure IC clearly shows 
how collagen I is degraded when it is incubated with 
samples from liver homogenates transduced with 
AdMMPS; this is not observed with the GFP-treated 
animals. 

AdMMPS-Directed Matrix Metalloprotease-8 
Gene Expression in Cirrhotic Rat Livers 

Hepatic Cirrhosis is characterized by an altered 
balance between synthesis and breakdown of ECM pro- 
teins, mostly collagen type I. To push the ECM degra- 
dation nd"ct upsj i - M i 1 i t\ ansion, we 
pursued the AdMMPS-dnven degradation of exacerbated 
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Reversion of CCI 4 -lnduced Cirrhosis by a 
red by Single AdMMPS injection via the iliac Vein 

AdMMPS-direcced 
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" • ,. ... AdMMPS-creaced rats had a variable, yet remarkable. 



il2 8 SiLLER-LOfEZ ET AL. 



GASTROENTEROLOGY Voi. 126, No. 4 




at the moment of adenovirus infusion, and bleeding was 
Stopped wich Gel-Foam application. A second compara- 
tive biopsy sample from the same rat fiver was obtained 
at the end of treatment, when al! animals were killed. 
Quantitative data shown in Figure 2C show that animals 
in jeered with AdGFP (5 of 5) did not show a reduction 
in either liver fibrosis or ceil necrosis. A characteristic 
chronic inflammatory stage was also present. Control 
cirrhotic ir n tree h < ved only a minor de- 
crease 1 1 n tost! con firm ir .tr dat >i ie specificity of 
col iageHa.se activity on tieputK EC.M degradation. Quan- 
titative data gathered from animals that responded to 
treatment showed that results were statistically signifi- 
cant (P < 0.005). Furthermore, levels of MMP-8 protein 
expression were determined by 01JSA and are shown in 
Figure 21.X Liver extracts from AdMMPS-tnmsduced 
cirrh tit .iii.fi-.ds i.iAs- d vc. . v . v e r ^proximately 
550 pg/rnt, whereas liver extracts from cirrhotic rats 
J i t i a i s vector AdGFP 

contain* ! negligible zcx» , 



degrades collagen type IV, and other collagens to a lesser 
degree.-'^ 1 * MMP-2 (Figure 3A) was clearly increased in 
both CC1 4 induced and BDL-induced experimental cir- 
rhosis animals treated with AdMMPS. Nonetheless, only 
in the CCU model was statistical significance achieved 
(P < 0.001). Although there was a small up-reguiation 
in MMP-3 m AdMMPS-treated animals (Figure 3B), 
there was no statistical significance in any group. 
TIMP-1 . which is known to impede MMP's activity, was 
augmented in its free form (28 kiitxlaitons) in liver 
extracts from rats of the experimental cirrhosis group and 
the AdMMPS-treated group, but nor in the AdGFP 
group, displaying statistical significance in the BDL 
model (P < 0.001; Figure 3C 

We also provide mechanistic insights on gene expres- 
sion for col'iagen 1, [II, and IV; TGF-p: and MMP-9- 
1 \l\li s tteat.d BDI r t it rats 

had collagen type I, HI, and IV slightly decreased, but 
with no sra s i s fit rGF-p was diminished 

as opposed to MMP-9. which was increased. This is 
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Figure 4. (A) Representative 
RT-PCR products of hypoxart- 
thinepiiosphoribosy I trans- 
ferase and genes Involve' 
ECM turnover from livers 
LDB cirrhotic rats treated 1 
AdGFP fLG: lanes 1 and £ 
AdMMPS {LM; lanes 3 and 
A 100-base pair (bps DNA 



with 



detected in all animals treated with AdGFP (5/5). Two 
cirrhorie animals out of 10 injected with AdMMPS 
showed moderate ascites (<7% of body weight), whereas 
6 had only trace amounts at the end of 14 days after 
AdMMPS. An important rearrangement of the hepatic 
parenchyma and hyperchromatic nuclei was also noted, 
reflecting a brisk liver cell regeneration that was con- 
firmed with gene expression for HGF by RT-PCR anal- 
ysis. Figure 5A shows that HGF gene expression was 
up-regulated, in the cirrhotic rats treated with AdMMPS, 
but not in AdGFP- treated cirrhotic animals. These data 
correlate well with the immunohistochemical findings 
shown in Figure 53 with and -PCM A antibody staining. 
Liver sections from AdGFP-treated animals did not show 

f 1 1 v " I 1 ' 

Redua on. eput r s res * e morpbc 

cai improvement, as can be seen in Figure 5C where a 

i c i t r .a \dMMP8 treated 
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were subjected to ligation and sectioning of the common 
bile duct, and liver biopsy samples were obtained from 
each rat before BDL ligation and at every step after 
ligation. At the end of BDL (4 weeks), all rats had a 
dramatic increase in liver fibrosis as compared with base- 
fine fibrosis (Figure 6) and were subjected to a hiliodi- 
gesrive anastomosis to drain the clogged bile and elim- 
inate the fibrogenic stimulus. Rats were left at this stage 
for 7 days km t rc t i \ however rcsnamed 
increased to a similar extent in ail animals. Five rats were 
then injected via the iliac vein with 3 X 10 n VP per 
kilogram of AdMMPS, and 5 rats were injected with 3 X 
10' ' VP per kilogram of irrelevant adenoviral vector 
(AdGFP) as control. The 10 rats were kept under careful 
surveillance for 10 more days while they were monitored 
fnr (werai! ht asm >t..i. ,. . i r i ^ cd A 
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sue to; nvpcxririU'i-oD^csprto -ibc- 
ipresentative samples from control 
!i J c l ui nl 

; . -sts with AdGFP. iarws 5 and 6: 
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the range of 10 u VP per kilogram. 14 Thus, a dose of 3 X 
10 u VP per kilogram was selected ro conduct these 
experiments. Obviously, we do nor intend to use this 
shuttle vector to carry genes in human cirrhotic livers in 
light of ail the findings and reports* specifically the Jesse 
Gelsinger affair. However, we think we have proven our 
point: that is, we have established our proof of concept in 
2 experimental models resembling human cirrhosis. 

For clinical scenario application, it must be considered 
that most of the human population has been exposed to 
wild-type adenovirus (especially the Ad2 and Ad5 sero- 
types used for gene therapy vectors). In patients, the 
magnitude of the immune response is determined by 
preexisting antibody titers and is modified by the roure 
of administration, but it is not dose-response depen- 
dent' 1 A preexisting immune response is expected to 
diminish adenovector transduction and to produce an 
increased immune response that must be considered. It is 
obvious, then, that a more suirable and safe vector must 
be designed and developed for use in rhis particular 
human disease. 

Even so, we have shown tha 
generation recombinant adenov 
for a collagen-degrading enzyme (MMP-8) reversed e 
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and that doses in the order 
wel! tolerated by cirrhotic i 
that enough health y tissue 
deletion that sufficed to induce a repairing response. In 
this study \>i . " d t „ 1 ess ! > i istt of a 
chronic liver disease in cirrhotic animals ar the moment 
of "therapeutic" vector administration, MMP-8 trans- 
gene txp<< - - ' - ' meant These re- 
su'ts aio-t. v t r i i i c i 'e 
Imply that transient or regulated expression of a gene 
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Figure 6. induction of fibrosis reversion by 3 >■- 10 11 viral AdMMPS particles per kilogram in rat cirrhosis after prolonged bile obstruction, {A> Liver 
sections of cirrhotic rats after Oile duct ligation, bile drainage by biliodigesove anastomosis, and AdMMP8 or AdGFP adenoviral vector injection. 
Masson trlchrome staining flOOx; shows cirrhotic nodules surrounded by thick fibrotic bands (blue) even at the end of treatment with AdGFP, 
h aimmi thin -i t r i j proteins. (B) Percentages of fibrous 

tissue deposition at every step and after AdGFP or AdMMPS adenoviral vector infusion. Determinations of fibrous tissue were performed in 20 
MWo H'l, , j i ■■ i .,ii il •• li w loii r 3 t i 1 1 r ,r jt ci of nyd/exypi urn (Hyp in 

liver tissue at the end of treatment iP < 0.055. Ad, adenovirus; SO, brie duct. 



elation have been slow to emerge. Impairment of an 
organ's ability to repair itself after a trauma or a sus- 
tained :n;ury wiiS determine the onset of a tihrogen le- 
fts < i \ i * i i . it I ti i 
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intracellular storage or release of the enzyme to che 
extracellular compartment. In neutrophils. MMP-8 is 
highly glycosylated and remains stored in intracellular 
granules, whereas poorly glycosylated recombinant 
MMP-8 from piasmid-transfected COS cells is released to 
the culture supernatant. 5 l i " The specific intracellular 
localization of MMP-8 in HeLa -transduced cells and the 
degree of giycosylacion of the recombinant protein that is 
produced remains to be elucidated. 

Furthermore, our data suggest that MMP-8 is efficiently 
converted to a functional col lage:ia.->e irs vivo, regardless oi 
the uneiucidaced mechanism. This is evident from the 
collagenoiycic activity assay, in which type I collagen is 
degraded in the absence of APMA (Figure 1C). 

Administration of the MMP-8 cognate gene in cirrhotic 
animals induced amelioration of hepatic cirrhosis. Remod- 
eling of ECM excessively deposired in cirrhotic livers is 
performed by a tilted positive balance of artificially driven 
MMP-S getting activated inside the fibroric liver. This is 
enhanced by naturally occurring MMP-2 and MMP-3, 
which seem to be up-regulated by MMP-8 treatment. 
Nonetheless, other fibrinolytic mechanisms might also be 
taking place. Alteration of MMP expression plays a major 
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physiological inhibitors (,11M. 
zyrne and inhibition of the a 
able to block every MMP. Th 



i showed that ECM • modulates 
the phenotype of hepatocytes. Therefore, the notion that 
in AdMMPS-treated animals a different kind of ECM is 

released in situ (such as HGF), resulting in cell prolif- 
eration, seem plausible. In this line of evidence, HGF 
was mainly embedded in che ECM of liver, spleen, and 
kidney bound to matrix proteins including heparan sul- 
fate, thrombospondin, and collagen types 1, III, IV, V, 
and VI." 

The effect of ECM remodeling phenomena on the 
overall clinical status of AdMMPS- created cirrhotic ani- 
mals deserves further consideration. 1c is clear that liver 
internal mechanisms caused improved hepatic synthetic 
functioning, as reflected in che disappearance of ascites 
and che reestablishmenc of transaminases (alanine ami- 
notransferase and aspartate aminotransferase). 

In addition, more compelling evidence of liver func- 
tion improvement was a notable decrease of collateral 
gastric varices, which is equal to rescored intrahepatic 
blood pressure in animals treated with the therapeutic 
AdMMPS vector. Effective therapies for alcohol-induced 
liver cirrhosis and cirrhosis resulting from bile obstruc- 
tive disorders are lacking, and the disease is increasing; 
therefore, a gene therapy approach is attractive, We 
believe that therapy with the MMP-8 gene holds promise 
for use in a clinical setting. 



The fact that we found increased liver celt prolif 
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Republica Argentina 

PODEfi EJECUTIVO NACIDNAL 

MrnisTERio de ecokomIa y producci6m 

SECRETARfA de INDUSTRIA, COMERCIQ y de la PEGUENA y MEDIANA EMPfiESA 

instituto nacional de lo propiedad industrial 



LA ADMINISTRACION NACIONAL DE PATENTES, CONFORME LO 
RESUELTO EN EL EXPEDIENTE RESPECTIVO Y EN VIRTUD DE LO 
DISPUESTO POR LA LEY 24.481 (T.O. 1996), Y SU DECRETO 
REGLAMENTARIO (DECRETO 260/96, ANEXO II}, EXTIENDE EN 
NOMBRE DE LA NACION ARGENTINA EL PRESENTE TITULO A 
TGT LABORATORIES , S.A. DE C.V. 



QUE ACRED I TA LA CONCESION DE PATENTE DE INVENCION SOBRE 

VECTORES ADENOVI RALES RECOMBINANTES , UN PROCESO PARA SU 

MANUFACTURA, UNA COMPOS ICION FARMACEUTICA QUE LOS 

COMPRENDE Y SU USO PARA LA MANUFACTURA DE UN 

MED I CAMENTO EN EL TRATAMIENTO DE DIVERSOS TIPOS DE 

FIBROSIS HEPATICA, RENAL, PULMONAR Y CICATRICES 

HIPERTROFICAS 

CUYA DOCUMENTACION ANEXA ES COPIA FIEL DE LA DEPOSITADA 
EN EL INSTITUTO NACIONAL DE LA PROPIEDAD INDUSTRIAL 
CONFORMS A LO ESTABLECIDO EN EL ART. 35 DE LA LEY 
24.481 { DECRETO 260/96 - ANEXO I), EL TERM I NO POR EL 
QUE SE ACUERDA LA PATENTE ES POR VEINTE ANOS 
IMPRORROGABLES CONTADOS A PART I R DE LA PRES ENTAC ION DE 
LA SOLICITUD, POR LO CUAL EXPIRARA EL DIA: 
15 DE SEPTIEMBRE DE 2 020 
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REIVINPICACIONES 

Habiendo asi especialmente descripto y determinado la naturaleza de la 
presente invencion y ia forma como la misma ha de ser llevada a la practica, se 
declara reivindicar como de propiedad y derecho exclusive- 

1. Un vector adenoviral recombinante caracterizado porque contiene un 
genoma adenoviral del cual se han suprimido los marcos de lectura abiertos E1 
y/o E3, pero que retiene la secuencia suficiente para que dicho vector adenoviral 
sea capaz de repiicarse in vitro, conteniendo adicionalmente dicho vector, un gen 
terapeutico o una secuencia de ADN de interes regulada por promotores ubicuos 
y/o promotores especificos de tejido, que codifica una proteina terapeutica que 
consiste en MMP-8, 

2. El vector adenoviral recombinante de conformidad con la reivindicacidn 
1 , caracterizado porque el promotor especifico de tejido es PEPCK. 

3. El vector adenoviral recombinante de conformidad con la reivindicacibn 
1 , caracterizado porque consiste en un vector viral o un vector no viral. 

4. El vector adenoviral recombinante de conformidad con la reivindicacion 
3, caracterizado porque consiste en un vector no viral seleccionado de un 
plasmido o un liposoma cationico o anidnico. 

5. Un proceso para la manufacture de un vector adenoviral recombinante 
de conformidad con cualquiera de las rervindicaciones 1-4, caracterizado porque 
dicho proceso comprende la etapa de clonacion de genes informantes Lac-Z y 
GFP y ei gen terapeutico o la secuencia de ADN de interes. 

6. Una composicion farmaceutlca, caracterizado porque comprende un 
vector adenoviral recombinante de conformidad con cualquiera de ias 
retvindicaciones 1-4, en combinacion con un portador farmaceuticamente 
aceptabie. 

7. La composicion farmaceutlca de conformidad con ia reivindicacion 6, 



caracterizado porque fa dosis unitaria comprende 10 ? -10 14 pariiculas virales por 
individuo que padece de fibrosis. 



8. El uso de un vector adenoviral recombinants de conformidad con 
cualquiera de ias reivindicaciones 1-4, caracterizado para la manufactura de una 
composicion farmaceutica para ei tratamiento de la cirrosis hepattca. 
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CLAIMS 

1. A recombinant adenoviral vector comprising an adenoviral genome wherein 
said genome includes an exogenous gene coding for a latent or active human 
mstaiioprotease MMP-3 protein, wherein one of the £1 or E3 region of said adenoviral 
genome is deleted and said exogenous gene is inserted in replacement said deleted E1 or 
E3 region; or said exogenous gene Is inserted between the E4 region and the right extreme 
of said adenoviral genome and neither of said E1 and E3 regions are deieted. 

2. The recombinant adenoviral vector of claim 1, wherein the recombinant 
adenoviral vector Is pAdGFP-MMP-8. 

3. The recombinant adenoviral vector of claim 1, wherein said genome further 
comprises a phosphoenolpyruvate carboxykinase promoter linked to said exogenous gene. 

4. The recombinant adenoviral vector of claim 1, wherein said genome further 
comprises a cytomegalovirus promoter linked to said exogenous gene. 

5. A method of preparing a recombinant adenoviral vector comprising an 
adenoviral genome wherein said genome includes an exogenous gene coding for a latent or 
active human metalloprotease MMP-8 protein, wherein one of the E1 or E3 region of said 
adenoviral genome is deleted end said exogenous gene is inserted In replacement said 
deleted E1 or E3 region; or said exogenous gene is inserted between the E4 region and the 
right extreme of said adenoviral genome and neither of said E1 and E3 regions are deleted; 
the method comprising providing an adenoviral vector comprising a reporter gene Lac-z or 
GFP, providing a gene coding for latent or active human metalloprotease MMP.5 within a 
vehicle vector, and generating with said adenoviral vector and said vehicle vector a 
recombinant adenoviral vector containing said exogenous gene. 

5. The method of claim 5, u/fremin the recombinant adenoviral vector is 
pAdGFP-MMP-8. 
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7. A pharmaceutical composition comprising a therapeutically effective amount 
of the recombinant adenoviral vector according to any one of claims 1 to 4, and a 
pharmaceutical compatible carrier, for treating a ftbrotic disorder in the liver. 

8. The pharmaceutical composition of cfaim 7, wherein the therapeutically 
" effective amount is about 10 7 -10 M viral particles. 

9. Use of the recombinant adenoviral vector according to any one of claims 1 to 
4 for treating a fibrofic disorder in the liver of a patient. 

10. Use of a recombinant adenoviral vector according to any one of claims 1 to 
4 for the manufacture of a medicament for treating hepatic cirrohsls In a patient. 

1 1. The use of dalm 10, wherein the medicament is for delivery to the iiver by 
an administrative route. 

T2, The use of claim 10, wherein the medicament is adapted for endogenous 
administration. 
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CaP04= Phosphate, 

CE^ With EDTA, 

COB=* Bacterial Colfagenase. 

COL1= Type I Collagen 

PU Polylysine 

SA= Without APMA 

SNL= Leucocyte Supernatant 

ST= No-fransfected 

Tfl!P= Trypsin 



%CT= % of transduced calls. 
PV= Viral particles , 



Patentanspruche 

1. Rekombinamoradenoviraler Vaktor, der ein adeno- 
viraies Genom enthalt, von dem die offenon Usera- 
ster E1 uno/oder H3 defe-Hart wurden, das aber 
noch ganugend Sequenz behaft, um den adenovi- 
raien Vektor zur fiepiikation in vitro zu befafiigen, 
wobef der Vektcr auch ein therapeutisches Gen 
Oder aina interessierende DNA-Sequenz enthait, 
das bzw. die von ubiquitaren Promotc-ren und/oder 
gewebespczifischen Promoforen reguliert wird unci 
fur das therapeutische Protein MMP-8codtert. 



1 . A recombinant adenoviral vector which c< 

adenoviral genome from which the open reading 
frames El and/or E3 have been deleted, but retains 
enough sequence to make the adenoviral vector 
able to replicate in vitro, said vector also containing 
a therapeutic gene or a DNA sequence of interest & 
regulated by ubiquitous promoters and/or tissue- 
specific promoters that encodes for a therapeutic 
protein consisting of MMP-8. 

2, The recombinant adenoviral vector according to so 
claim 1, in which the specific tissue-promoter is 
PEPCK. 

. The recombinant adenoviral vector according to 
claim 1 , which consists of a virai vector or a nor. viral ss 
vector. , 

. The recombinant adenoviral vector according to ( 
Ciairn3, which consists of a non viral vector selected 
from a piasmid or acationic or an anionic liposome. •*(? 

A process for manufacturing a recombinant adeno- 
viral vector according to anyone of claims 1-4, 7 
wherein said process comprises a step of cloning 
of reporter genes Lac-Z and GFP and the therapeu- « 
tic gene or the DNA sequence of interest. 

A pharmacGiitioal composidon comprising a recom- 
binant adenoviral vector, according to anyone of 
claims 1-4, combined with a pharmaceutical ccm- 
patibie carrier. 



. Rekomblnanter adenoviral Vektor gemaS An- 
spruch 1, wobei es slch bei dem gewebespezifi- 
schen Promoter um PEPCK handelt. 

Rekombinanter adenoviral Vektor gemaB An- 
spruch 1 , der aus einem viralen Vektor Oder einem 
nichtviralen Vektor bestahf. 

Rekombinanter adenoviraier Vektor gemafj An- 
spruch3,deraus einem nfchtviralenVskf or bestaht, 
der aus einem Piasmid Oder einem kationischen 
oderanionlschen Liposom ausgewahlt 1st. 

5. Verfahren zur Hersteilung elnes rekombinanten 
adenoviralen Vektors gemal? einem der Ansprucho 
1-4, wobei das Verfahren den Schritt des Klonie- 
rens dor Reporter-Gene LacZ und GFP und des 

s therapeutlschen Gens oder der inferessierenden 
DNA-Sequenz umfasst. 

6. Pharmazeutische Zusammensetzung, dieeinen re- 
kombinanten adenoviraien Vektor gemSfJ einem 

' der AnsprQche 1 -4, kombiniert mtt einem pharma- 
zeutisch annehmbaren Trager, umfasst. 

7. Pharmazeutische Zusammensetzung gemaft An- 
spruch 6, wobei fOr ein Individuum mrt Fibrose jede 
Elnheltsdosls 10 ? bls to 14 Viruspartikel umfasst. 

8. Verwendung des rekombinanten adenoviralen Vek- 
tors gemaB einem der Anspruche 1 -4 zur Herstei- 
lung elner pharmaze-ufischen Zusammensetzung 
fur die Behandlung von Leberztrrhose. 



Tne pharmaceutical co.mpos.lion according to clam 
6, in which each unitary dose comprises l0 7 -10 f4 
virai particies for an tndiv d ■* th fibre sis as 

The use of recombinant adenoviral vector accord- 
trg to anyone of claims i-4 , fo- manufacturing a 
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1. Vecteur adenoviral recombinant qj content ungS- 
ncmeaao-^v jn uvertsde-'e o r o 

Hi et/cu E3 ont etc do!«St<is, mats conserve jre se- 
quence suffisante pour pemteitre ao vecteur aae- 
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Claim amendment 

1. A pharmaceutical composition for treating hepatic , p ulmonary, renal, and heart 
fibrosis, keloids and hypertrophic scars comprising a recombinant adenoviral vector 
comprising a therapeutic gene or a DNA sequence expressively encoding a therapeutic 
protein that decompose excess of collagen proteins deposited in fibrotic organs, wherein the 
therapeutic gene or a DNA sequence encodes human meialoprotease MMP-8. 

2. The pharmaceutical composition according to claim 1, wherein the gene 
expression is under the control of tissue-specific phosphoenolpyruvate carboxylase 
(PEPCK) promoter. 

3. The pharmaceutical composition according to claim 1, wherein the gene 
expression is under the control of ubiquitous cytomegarovirus (CMV) promoter. 

4. The pharmaceutical composition according to claims 1 to 3 , wherein the 
therapeutic gene or a DNA sequence encodes latent or active human metaloprotease 
MMP-8. 

5. The ph armaceutical composition according to claims 1 to 4, wherein the 
composi tion is to treat liver cirrhosis. , 

6. The pharm aceu tical composition according to clafm 5, wherein the 
administration route is endovenous. 

7. The pharmaceutical co m position according to claim 6, wherein the vein is the 

iliac vein. 

8. The pharmaceutical co mp osition according to any one of claims 1,;7, wherein 
the unitary dose is of about lO' lO 1 " viral particles for an individual with fibrosis. 
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REIVINDICACIONSS 



1 . ~ Un vector adenoviral recombinante que contiene el 
genoma adenoviral con las deleciones del ORF EI {nucleotides 
5 1-3533) y el ORF £3 (nucleotides 28138-30820), caracterizado porque 
contiene ai gen que codifica para la proteina MMP-8, bajo el control 
de promotores ubicuos y/o promotores tejido especlficos. 

2. - El vector adenoviral recombinante de conformidad 
10 con la reivindicacion 1, caracterizado porque el promotor se 

selecciona del grupo que consiste de PEPCK o CMV. 

3. - El vector adenoviral recombinante de conformidad 
con las reivindicaciones 1 y 2, caracterizado porque el 

15 vector adenoviral recombinante es pAdGFP-MMP-8 . 

4. - Un proceso para preparer un vector adenoviral 
recombinante, caracterizado porque dicho proceso comprende un 
genoma adenoviral que incluye un gen que codifica para la 

20 proteina MMP-8, en donde dicho gen se encuentra insertado 
entre la regi6n E4 y el extreme derecho de dicho genoma 
adenoviral y ambas de las regiones El y E3 estan deletadas; 
dicho proceso comprende ademas proporcionar un vector 
adenoviral que consiste de un gen report ere Lac-Z o GFP y un 

25 gen que codifica para la proteina MMP-3, v generar de esra 
man era ^ • _ . „ - . 
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5.- Un piasmido que contiene el genoma adenoviral con 
las deleciones del ORF El {nucledtidos i-3533) y ei ORF £3 
{nucle6tidos 28138-30820} , caracterizado porque contiene al 
5 gen que codifica para la proteina MMP-8, bajo el control de 
promotores ubicuos y/o promotores tejido especificos. 

6. - El piasmido de conformidad con la reivindicacion 
5, caracterizado porque el promotor se selecciona del grupo 

10 que consiste de PEPCK o CMV. 

7. - Una composicidn farmaceutica que comprende un 
vector adenoviral recombinante de conformidad con cualquiera 
de las reivindicaciones 1-3, en combinacion con un liposoma 

15 cationico o anionico y un portador . f arraaceuticamente 
aceptable, en donde dicha compos ici6n farmaceutica consiste 
de una cantidad de 10 7 ~10 14 particulas virales para el 
tratamiento de cirrosis hepatica, fibrosis pulmonar y 
cicatrices hipertrof icas . 

20 

8.- Una composicion farmaceutica que comprende el 
piasmido de conformidad con las reivindicaciones 5 y 6, en 
combinacion con un portador f armaceuticamente aceptable, para 
el tratamiento de cirrosis hepatica, fibrosis pulmonar y 
25 cicatrices hipertrof icas . 
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9. - El uso de un vector adenoviral recombinante de 
conformidad con la reivindicacion 1, en la preparacidn de un 
medicamento para el tratamiento de cirrosis hepatica, 
fibrosis pulmonar y cicatrices hipertrdf icas . 

10. - El uso de un plasmido de conformidad con la 
reivindicacion 5, en la preparacidn de un medicamento para el 
tratamiento de cirrosis hepatica, fibrosis pulmonar y 
cicatrices hipertr6f icas. 



